M. DOHERTY,' J. T. WHICHER,2 AND P. A. DIEPPE' From the University 'Department of Medicine and the 2Department of Chemical Pathology, Bristol Royal Infirmary, Bristol SUMMARY Activation of serum C3 by monosodium urate monohydrate (MSU) crystals and other particles was determined by immunofixation following electrophoretic separation of C3 and its activation products. Densitometry allowed quantitation of results. MSU, hydroxyapatite, brushite, and calcium pyrophosphate dihydrate crystals split C3 under conditions which demonstrate activation via the alternative pathway (AP). Quantitatively similar results were obtained in immunoglobulin deficient serum. Activation was crystal specific and was reduced by heating, grinding, sonication, and aging of crystals. Other inflammatory particles (e.g., blackthorn) activated C3 via the AP: noninflammatory particles (e.g., diamond) caused insignificant activation. It is suggested that particle-induced activation of the alternative pathway of complement may be important in the initiation of crystal-induced synovitis.
The precise way in which monosodium urate monohydrate (MSU) and other crystals cause an inflammatory synovitis has not been determined. The polymorph is usually afforded a central role in the inflammatory response,' 2 but reports of crystal synovitis in the absence of synovial fluid polymorphs,3 4 the occurrence of significant crystalinduced inflammation despite neutropenia,' and the sequence of events following injection of MSU crystals into the canine joint6 suggest that other mediators of inflammation may also be important, particularly in the initial stages of the response. 6 That complement may be one of these mediators is supported indirectly by the finding of decreased complement together with complement split products in gouty synovial fluid7-9 and by the demonstration of diminished urate-induced inflammation in complement-depleted animals."1" More direct evidence comes from the demonstration that complement may be activated by MSU and other crystals in vitro."2-4 The mechanism of activation, however, remains uncertain, and experimental evidence on this point is conflicting. Naff The ability of this system to differentiate classical from AP activation was checked by using 20 Up to 4 different particles could be fully tested on a single plate (Fig. 1 ). Densitometric scanning with an automated computing densitometer (ACD-18, Gelman Instrument Co., USA) allowed estimation of the percentage of C3 present as the anodal activation product for each sample (Fig. 2) .
Statistical analysis was done by Student's t test for paired observations (test particle compared with saline control). Results are given as mean + SD.
Results
The ability of this system to differentiate classical from AP activation was confirmed (Table 1) . Incubation with EDTA blocked C3 activation by either pathway, whereas EGTA + Mg selectively blocked classical pathway activation but allowed AP activation to proceed. The amount of available Mg in this system is crucial: insufficient will prevent AP activation, while excess will itself lead to C3 activation. The presence of 8 mM EGTA + 0 3 mM MgCl2 was determined to be optimal.
Reproducibility on a single plate was excellent. Measurement of C3 activation in 15 replicate samples on a single plate showed a coefficient of variation of 3-62%. Greater variability occurred between Incubation of NHS with saline alone (Fig. 1) HA, CPPD, and brushite crystals similarly split C3 and activated the AP (Table 3) , though to a lesser extent than MSU on an equal weight comparison. 'Spheroidal' HA and amorphous powders of calcium phosphate salts caused insignificant activation, suggesting that activation by HA, CPPD, and brushite is also specific to their structurally ordered crystal state.
Various other particles were tested (Table 4) . Plant thorns, a quartz, asbestos, and cholesterol crystals were shown to split C3 and activate the AP. Of all particles tested zymosan was the most potent activator of C3 on an equal weight comparison Prior physical treatment of particles was shown to affect their C3 splitting potential. Sonication, grinding, or heating (200°C for 2 hours) of MSU crystals reduced their capacity to activate C3 by 10%, 64%, and 83 % respectively (Table 2) . Aging also modified their activity. MSU crystals lost 21 % of their C3 splitting potential over a 9-month period. Storage of HA and brushite crystals for the same period resulted in a reduction in C3 splitting potential of 22% and 41 % respectively (Table 3) .
Discussion
Activation of complement may be important in mediation of crystal-induced inflammation.12 This study confirms in-vitro activation of serum C3 by MSU, HA, and CPPD crystals in accord with previous reports"2-"4 and also demonstrates complement activation by brushite crystals, plant thoms, and other inflammatory particles. The finding that some crystals and particles (e.g., diamond, carbonyl iron) do not activate C3 suggests that complement activation by active agents depends on some special characteristic(s) of their presenting surface and not merely on their crystalline or particulate state.
Other investigators have concluded that complement activation by inflammatory crystals occurs via the classical pathway."5 16 In the present study, however, the demonstration of significant C3 activation in the presence of EGTA + Mg suggests that complement activation by these agents is mediated at least in part via the AP. Although the AP is known to be activated by a variety of injurious particles,"6-AP activation by MSU, HA, CPPD, or brushite crystals has not previously been described.
The discrepancy between our findings and those of others who report classical but not AP activation by MSU,`3 HA,13 and CPPD"3 crystals may well reflect differences in experimental method. In the system employed by Hasselbacher"3 the addition of EGTA caused only minimal reduction in zymosan-induced AP activation, and further addition of Mg had no effect. By contrast, in the present system addition of EGTA caused marked reduction in AP activation by zymosan, but the addition of Mg (0 3 33 Mandel has suggested that hydroxyl groups (hydrogen bond acceptors) on the crystal may be important in interaction between crystal and cell membrane,33 and these same hydroxyl groups would be good candidates for covalent linkage with the putative thioester bond on the metastable binding site of C3b.34 Such a reaction would be independent of immunoglobulin. Activation of the AP by inflammatory crystals and particles would thus appear theoretically attractive.
Heating of MSU crystals is known to alter their chemical and physical state,3 23 35 to reduce their net negative surface charge,2' and to reduce their phlogistic'2 and complement splitting activity.'2 13 This study confirms the reduction in complement splitting potential of MSU crystals following heating and further demonstrates alteration in MSU crystal activity by 2 other laboratory techniques (grinding and sonication) commonly used in preparing crystal suspensions. These observations stress the importance of using fresh, untampered crystal preparations and must put in question the validity of much previous work where such manipulations have been rigorously employed. However, the problem of eliminating endotoxin without heating, and thus altering, crystals remains unresolved. Although endotoxin may activate the AP, the marked differences between crystals observed in the present study seems unlikely to be explained by action of endotoxin alone, since all crystals were treated identically (and should therefore have been equally contaminated), supematant from a concentrated MSU suspension lacked C3 splitting activity, and stored crystals demonstrated reduction, rather than increase, in C3 activating potential.
In the present system the degree of C3 activation by crystals was paralleled by their known phlogistic potential.' On an equal weight comparison MSU were more active than HA or CPPD crystals, and the noninflammatory diamond crystals produced no C3 splitting at all. It may therefore be that the initial event in crystalinduced synovitis is activation of the AP consequent upon direct interaction, independent of immunoglobulin, between C3 and special features present on the crystal surface. Subsequent production of chemotactic complement-split products could then lead to influx of phagocytic cells as a secondary event: phagocytosis and enzyme release would then follow. 
